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(57) Abstract 



A mobile satellite communication system utilizes spread spectrum techniques to allow messages to be transmitted from a 
ground-based cenral station (20) to a number of essentially identical receiver terminals (32) through two or more relay satellites 
(28, 30) operating on the same downlink carrier frequency (f2) and covering the same geographic area. This arrangement allows 
the capacity of the system to be increased without the use of additional radio frequency spectrum on the downlink, and without 
reliance on directional tracking antennas at the receiving terminals. The system can also determine the positions of the receiver 
terminal (32) for navigational and tracking purposes. 
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WO 90/13186 PCT/US90/02077 
TITLE OF THE -1 " 

COMMUNICATION SYSTEM EMPLOYING MULTIPLE RELAY SATELLITES 
OPERATING ON COMMON DOWNLINK FREQUENCY *A1£^ITES 

BACKGRO UND OF THE IWVRNTTDM ; 

5 Tne invention described and claimed herein relates 

generally to the field of communications, and is 
particularly concerned with a radio communication system 
in which signals are exchanged between ground-based 
transmitters and receivers through one or more relay 
10 satellites. 

Many radio communication systems utilize 
satellites, particularly geostationary satellites, as 
signal relays. m fixed satellite communication 
systems, earth stations at fixed geographic locations 
transmit radio signals to a satellite which receives, 
amplifies, and rebroadcasts the transmissions at a 
shifted frequency to other earth stations at fixed 
locations. In this manner, point-to-point communication 
links can be established. Mobile satellite 

20 communication systems operate in much the same manner, 
although in this case the signals are relayed between 
mobile terminals which are carried by automobiles, 
trucks, airplanes, ships, or other movable platforms. 
Both fixed and mobile satellite communications 
25 share certain limitations. A principal limitation, 
apart from the considerable cost involved in placing a 
satellite into orbit, relates to the maximum power 
available to operate the satellite. The amount of 
information which can be transmitted in a given 
30 bandwidth depends, in part, on the power available for 
transmission. The amplifiers on board the satellite are 
limited in their power output, and the electrical 
generating capacity of the satellite batteries and solar 
panels is also limited. Satellite power is thus a 
35 limited resource, and this will impose a limit on the 
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total amount of information that can be processed by the 
communication system as a whole- 

Another limitation arises from the fact that 
governmental regulations and international agreements 
designate limited frequency bands for use in satellite 
communication systems. Therefore, efficient use must 
be made of these frequency bands and communication 
techniques which are wasteful of radio spectrum must be 
avoided* 

A further limitation results from the desirability 
of utilizing satellites in geostationary orbit as signal 
relays. Geostationary orbit is an equatorial orbit 
having a period of one day. To an observer on earth, a 
satellite in such an orbit appears to remain stationary 
15 at a fixed point in the sky, and can therefore serve as 
a fixed communication relay. Governmental regulations 
require a minimum spacing between satellites in order to 
avoid intersatellite interference. This, in turn, sets 
a limit on the total number of geostationary satellites 
20 which can be placed in orbit. Different satellites 
provide coverage of different portions of the earth, and 
demand is * highest for satellites covering desirable 
markets. The signal handling capacity of these 
satellites must therefore be used in the most efficient 
25 manner possible. 

These limitations have led • to certain practices 
which have become common in the satellite communications 
industry. The high cost and limited number of 
satellites, for example, has led to the use of methods 
30 for allowing multiple earth stations to utilize the same 
satellite. One method is called frequency division 
multiple access (FDMA) . In this technique, the allotted 
frequency spectrum is divided into a number of distinct 
bands. Different stations transmit in different 
frequency bands, and filters at the receiving stations 
block transmissions in all but the desired band. 
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Another method is called time division multiple access 
(TDMA) . in this method, many different stations 
transmit in bursts using the same frequency band, but 
they are synchronized with one another so that the 
5 transmissions do not overlap in time. 

In both FDMA and TDMA systems, satellite 
transponder power can limit the total amount of 
information that can be relayed. If a communication 
system has utilized all of the available transponder 
10 power, additional information can only be sent by 
utilizing another transponder on board the satellite. 
However, an increase in capacity using multiple 
transponder channels requires use of additional 
bandwidth, because each transponder on a given satellite 
operates in a different frequency band. Additional 
bandwidth may not always be available, especially for 
satellites placed in highly desirable locations. 
Moreover, the use of additional frequency channels 
requrres the terrestrial transmitting and receiving 
stations to operate on multiple frequencies, which 
increases the cost and complexity of the communication 
system. 

As an alternative, the capacity of a system can be 
increased by utilizing a transponder on a second 

25 satellite. if the second transponder operates at a 
frequency different from that of the first, spectrum 
usage is the same as in the situation where both 
transponders are carried by the same satellite, on the 
other hand, if the transponders on the two satellites 

30 operate in the same frequency band, interference may 
occur . 

Fixed satellite communication systems which utilize 
two or more transponders operating at the same frequency 
on different satellites can avoid interference by using 
35 highly directional antennas. Such antennas may utilize 
large reflectors, phased antenna arrays, or other 
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techniques to achieve the necessary degree 
directionality. In Bobile COJmnunication ^ 
however, directional antennas are undesirable because of 
thexr sxze, wexght and complexity. Further, directional 
5 antennas must be aimed, and must track the satellite as 

10 . cTt ^ °* terai - ls «* - lov^it 

tall antennas, while more practical for mobile 
terminals, have a lower gain than large antennas. All 
else bexng equal, a system having a smaller receiving 

IS TtZ " ^ 3 l0W6r CapaC±ty «»» * ^tem having 
« ^ " ^ Sma11 anteMaS are ^nerally lesl 

is lessT T anteMlaS ' ~ »** «"* ^ 

cannot * P °" ° rie » tati -' *"* small antennas 

cannot separate the transmissions of one satellite from 

To summarize, a conventional bandwidth-limited, 
mobxle communication system which has reached the power 
Hmxt of xts satellite transponders cannot increase 
^ capacxty by using additional transponders on the sa^I 

"d ctir' ^ ^ reqUi " additi -^ ^ndwidth 

and complex user equipment, or by using a transponder on 
a second satellite operating at the sane frequency 
which would require multiple directional tracing 

can b r e - CaPa ^ ° f 3 Sat6llite — ication systel 
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In accordance with the present invention, spread 
spectrum techniques are utilized to allow signals to be 
transmitted from a ground-based transmitting station to 
a plurality of receiver terminals through two or more 
relay satellites operating on the same downlink carrier 
frequency and covering the same geographic area. in 
th 1S way, the capacity of the system can be increased 
without the use of additional radio bandwidth, and 
wxthout reliance on directional tracking antennas at the 
receiver terminals. The use of a common downlink 
frequency also has the advantage of allowing all of the 
receiver terminals to be of essentially identical 
construction, which reduces the cost and complexity of 
J.» the communication system. 

in one aspect, the present invention relates to a 
radio communication system comprising means for 
generating messages to be transmitted; means for 
assigning said messages to first and second message 
20 groups; means for encoding said first and second message 
groups with mutually distinguishable codes; means for 
transmitting said first and second message groups; first 
and second elevated relay stations for receiving said 
first and second message groups, respectively, and for 
-5 retransmitting said message groups at a common downlink 
carrier frequency, said relay stations having 
transmitting antennas which provide overlapping coverage 
of a common geographic area; and a plurality of receiver 
terminals located in said common geographic area for 
0 receiving said first and second message groups at said 
common downlink frequency, each of said receiver 
terminals including decoding means for decoding at least 
one of said first and second codes in order to allow 
messages to be received from at least one of said relay 
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With ° Ut inte — «~ - other relay 

me^r^^r 31 3SPeCtS ° f relate to a 

method for transmitting Usages from a central ^ 

5 to a plurality of receiver tenuis using first and 
second relay stations operating at the sale 7 OW n lin * 

ZZTZT" a ; eth ° d ^ — — «- —Ity of a 

relay s e at I^r atl0n «^ additional 

10 fre!T Sat6llltes mating at toe sane downl - nk 
. frequency. Tne invention has particular utiliTv in 

™r baS : d POSitl ° n and^eTsage 



of I? Vari ° US ° bjeCtS ' adv «*ages, and novel features 
of the present invention win be nore " 

~ f oiiowing -script; : hen y 

which: C ° nJUnCtl0n With havings, in 

20 " setel^!: 1 ^ a . SChematic iH«^ration of a mobile 
satellite communication system incorporating the 
features of the present invention; 

baaed ?i5 ' 2 ±S 9 schei »atic block diagram of the ground- 
based central station used n « . y a 
25- of Fig. i, ttS coninu ni«ation system 

Fig. 3 is a schematic diagram illustrating the 
c 9 ™" 3 " 00 " S ° ftWare ^ ^ ™ Nation 

30 operation of £ * ^ Whi ° h bribes the 

operation of the message routing software used in the 
central station computer; 
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Fig. 5 is a block diagram of a modulator which 
forms a part of the transmitting equipment used at the 
central station; 

Fig. 6 is a schematic diagram illustrating the 
5 format of the modulator output signals in Fig. 5; 

Fig. 7 is a schematic diagram illustrating the 
principal transponder components used in the satellites 
of Fig. 1; 

Fig. 8 is a schematic diagram illustrating the 
principal receiver components used in the receiver 
terminals of Pig. i; 

Fig. 9 is a schematic diagram of one of the decoder 
channels in Fig. 8; and 

Fig. 10 is a schematic diagram of the message 
recovery circuit used in the receiver terminal of Fig 
8. * 

Throughout the drawings, like reference numerals 
will be understood to refer to like parts or components. 

DETAILED DESCRTPTTON nf THE PRBPTTPRRn FMRnnTf mm.. 

20 Fig * 1 illustrates a satellite communication system 

operating in accordance with the principles of the 
present invention. The system comprises a fixed central 
station 20, a number of subscriber stations 26, two 
geostationary relay satellites 28 and 30 at spaced 

25 orbital positions, and number of mobile receivers 32 
which are referred to as user terminals. The central 
station 20 operates two parabolic transmitting antennas 
22 and 24. The system of Fig. 1 provides two types of 
communications, namely, message transmission (also 

3 0 referred to as paging) and radio position determination. 
For paging, the subscriber stations 26 generate text 
messages for specific ones of the user terminals 32. 
These messages are sent to the central station 20 over 
terrestrial communication links 34 which may, for 
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ex ample, comprise telephone i 

optical fiw i- a, Xepnone llne s, microwave links or 
optical fxber The central station 20 collects 

JTZT£ r ^ tC ^ — terminal-: 

frt ^ ■■ y ' " aes "-ed, have the capabilitv 



tr™!^ P ° Si "°" a «"»i»Mio„, the central «,„„ 20 

Th. centra J~ °° tte °" 9h i ° th "Wit-, 

^ivi^! u ,. r teraij , als "'f ° £ 

P«^T 3^™°™*°"' ™y ■» £ ouna I „... 

nt 4 /359,733, issued to G-K. O'Noin ^ » 
1Q{n , . „ ■ «.rv. u neiii on November 16 

sua L.o. snively on May 10 , lg „. , . 
P»t»t ap pl ieatio„ ,„i ?f"f°* 

30 One application of a system of *- ho *. 

3= truc*a, autocues, Bllip ,, rallri>aa „„ „ " 
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central station 20 determines the locations of each user 
terminal 32, and informs each subscriber 26 of the 
locations of its associated user terminals. In 
addition, the central station 20 accepts messages from 
5 each subscriber 26, sorts the messages, and transmits 
them to the appropriate user terminals 32. Message and 
position information for each subscriber 26 is 
confidential with respect to the other subscribers. In 
the description which follows, primary emphasis will be 
placed on the paging aspects of the system, although it 
should be understood that position determination and 
paging functions may be carried out simultaneously using 
the apparatus and methods disclosed in the patents and 
applications mentioned previously. 

The partitioning of the outgoing message traffic 
between the two satellites 28, 30 of Fig. 1 allows the 
message handling capacity of the system to be increased 
beyond that which would be obtained in a single 
satellite system. As will be described, this result can 
be achieved without increasing the amount of radio 
spectrum utilized, by operating both satellites on the 
same uplink and downlink carrier frequencies and by 
taking steps to eliminate interference between the 
signals transmitted to and received from the two 
25 satellites. on the uplink side, interference is 
eliminated by utilizing highly directional transmitting 
antennas which are aligned toward the respective 
satellites. On the downlink side, interference is 
eliminated by encoding the message transmissions relayed 
30 through the two satellites using mutually 
distinguishable codes, and by providing the user 
terminals with equipment for decoding one or both codes. 

Referring again to Fig. i, -the first directional 
antenna 22 at the central station 20 transmits messages 
to the first satellite 28 at an uplink frequency f^ The 
second directional antenna 24 transmits messages to the 
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second satellite 30 at the same uplink frequency f 
Energy from the f irst transmitting antenna 22 Housed 
on the first satellite 28, but not on " focused 
sa1 . pn ji. Q - n ' noc on the second 

5 tr^niltt- C ° nVerSe th * -cond 

5 transmitting antenna 24 is focused on ^ 

satellite 30, but not on the 

Sate " iteS 28 ' 30 the uplink transmissions to ^e 

same downlink frequency f„ « both £ 

e""^ C ° Verage ^ ^ ^«phic region which 

.eams^to provide the ^ 

transT" terminals 32 «-» Potentially receive 

haT the SatelllteS ^ - 
lately the same^eve ^ n oroerTavo^ 

sttuation r° e - WhlCh W ° Uld ° therWiSe reSUlt in ^ 
situation, the signal transmissions are encoded by the 

aT Llnr" 011 20 Md - deC ° ded — ter^na^ 

32 using spread spectrum techniques, as win be 
discussed in more, detail below. The use of sL I 

divided between the two satellites 28 , 30 without 

izzzi " r itionai downiin * ~ 

ItZTl " di " Cti — —as at the user 

easier'to'obtr 10 , SPeCtrUB all ° Catio - «e somewhat 
"oa^ blam t trans ^-ions than for 

broad beam transmissions, the use of a single uplink 
frequency f is desirable ^ ^ ^ 

objective of minimizing the spectrum requirement is 
substantially met by the use of a singTe l^link 
1—?;" —-ions taking place between 
SL!T ' ° ^ USSr finals 32 , s i noe 

these ^transmissions cover a much wider geographic arel 
than the uplink transmissions. 9™I»»ic area 
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Fig. 2 is a functional block diagram of the central 
station 20. The subscribers 26 (not shown) generate 
messages on input lines 36. These messages may, for 
example, consist of ASCII characters in the form of 
5 digital electronic signals. Along with the message 
data, the subscribers specify the destination of each 
message by identifying a specific user terminal 32 A 
communications interface 38 receives the subscriber 
information and routes it to a computer 40. The 
computer 40 receives the information, temporarily stores 
the messages, identifies their destinations, and routes 
each message to one of two equipment chains 42, 44. 

The two equipment chains 42, 44 contain similar 
equipment. Referring first to the chain 42, a modulator 
46 spreads the data stream onto a pseudo-noise (PN) code 
according to the direct sequence spread spectrum 
modulation technique. The modulator 46 also modulates 
the spread signal onto an intermediate frequency (i F) 
carrier using biphase shift keying. An up converter 48 
2 0 shifts the frequency of the if carrier to a microwave 
frequency f, on the order of several gigahertz. A high 
power amplifier 50 increases the power of the microwave 
signal for transmission. The directional transmitting 
antenna 22 focuses the radiated energy of the amplified 
25 signal from the first equipment chain 42 to the 
satellite 28 of Fig. 1. The second equipment chain 44 
performs identical functions using a modulator 52, up 
converter 54 and high power amplifier 56, but this chain 
processes messages which are intended for transmission 
30 by the second directional antenna 24 to the second 
satellite 30 of Fig. 1. 

The up converters 48, 54 of the two equipment 
chains 42, 44 shift their respective if carriers to the 
same uplink frequency f 4 . However, since each of the two 
35 parabolic transmitting antennas 22, 24 focuses its power 
on only one satellite, interference at the satellites 
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does not occur even though a common uplink frequency is 

employe*. At the user level, interference is avoided by 

virtue of the fact that the modulators 46, 52 of the two 
equips chains ^ 44 utli . ze different two 

fror n f USer tSrminalS " t0 the signal 

from^nly one satellite without requiring a directional 

m essa rV 0lnPUter 40 Perf ° raS neS8a ^ " ut *"9 and 
10 ZZT ag9regatiW USin * *»°wn packet switching 

LnSsT"; The con,puter hardware » ay - 

Packard corporation. The interface to the subscriber 
equipment will vary aocording ^ 

15 "ToTT 3 ° £ eaCh SUbSCrib -' -y include a mode" 

s 9 LSar er e " ^ * tel ^°- «— *o 

similar equipment at the subscriber site. 

Figure 3 illustrates the aenerai 
software ln ^ general organization of 

software, m the computer 40. An operating system 58 
provides the highest level of control of the computer 

a XT 1 ' 31 " 8 ^ ent for various 

r application programs. ^ outbound nessage ^ 

" ^L^! 9 ^ 60 iS - ~* application. olher 



application programs 62 f e a 

^ e *y-f tor blllma artri 

accounting functions) also exist and ™™ „ „ 
25 run r,» exist and may be called to 

processing program 60, the software is divided in * c 
several functional modules. xh e outbound J^Z 

whTToS 9 C ° ntr01 m0dUle 64 regUlat6S the L 
which other modules are called. A routing module 66 
3 0 routes messages to on*. ~-p *.w 06 
44 ,»«■ tW ° chains 42, 

tD J ~'' ? ^ reaainin ^ mod ^es 68 control the 
..formatting and sequencing of the messages, the 
generation of timing data for use in % o ' sit ^ 

35 ! alCUlatl0nS ' and oth - Actions. For the purposes of 
35 the present invention, only the routing moduL^6 is If 
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impcrtance and the other software modules need not be 
described further. 

Fig- 4 is a flow chart which describes the 
operation of the routing module 66. The module begins 
5 at an entry point 70 when called from the outbound 
message processing control module 64 (Fig. 3). m block 
72, the computer executes an input operation which reads 
an identification code for the message destination from 
the information received from the subscriber. The 
10 computer then performs a table look-up in block 74 to 
determine which PN code has been assigned to the user 
terminal that is to receive the message. The table 76 
lists all user terminals according to identification 
code. For each identification code, the table 76 
15 indicates whether the receiver is capable of decoding a 
first PN code, a second PN code, or both PN codes. 

After executing the table look-up, the computer 
proceeds to a decision block 78. if the receiver is 
capable of decoding only the first PN code, the computer 
20 executes a first output operation in block 80 which 
passes the message to the first equipment chain 42 of 
Fig. 2. If the receiver is capable of decoding only the 
second PN code, the computer executes a second output 
operation in block 82 which passes the message to the 
• second equipment chain 44 of Fig. 2. If the receiver 
is capable of decoding both PN codes, the computer 
executes a decision operation in block 84 which selects 
one of the two output operations 80, 82. 

The select operation in block 84 may select an 
equipment chain in such a manner as to equalize signal 
traffic .between the two satellites 28, 30 (Fig. i) , to 
shunt signal traffic away from a satellite which has 
reached its message handling capacity, or to avoid 
failed equipment in one of the equipment chains or in 
3 5 one of the satellites. In certain cases, the message 
may be passed to both equipment chains so that it will 
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be transmitted to the intended user terminal 32 through 
both satellites simultaneously. This may be desirable 
as a means for insuring that certain critical messages 
reach the user, or as a means for carrying out position 
determination using techniques to be discussed shortly 
blockTn" eXe ° Uting the ^Priate output operation in 
block 80 or 82, the computer reaches an exit point 86 
and execution of the routing module terminates. The 
computer may then execute another functional module or 
re-enter the routing module, as directed by the outbound 
message processing control module 64 of Fig. 3. 

Pig. 5 is a block diagram of the modulator 46 in 
the first equipment chain 42 of Fig. 2. The modulator 

15 lL«JT SSCOnd eqUipment chain «« " essentially 
XS identical except for the particular PN code employed 

and the description which follows applies to both. ' 
The modulator 46 performs two functions, namely, 

spreading the output data stream from the computer lo 
20 Ztl ^ PSeUd °- noise <»> «-.. and modulating the spread 

data stream onto an intermediate frequency (l F) carrier . 

Lider T • 3 P «" dic -*nal and a first 

d.vxder chaxn 90 generates a 1200 Hz signal from the 
clock sxgnal. A mixer 92 shifts the input data signal 

25 ! T " t0 1200 A second d -ider chain 96 

generates a 1.112 MHz signal from the clock signal which 
drives a pseudo-noise (PN ) generator 98 at a l 112 
megachip per second (Mcps) chip rate. The PN generator 
98 in turn, generates a i.n 2 Mc ps pseudo-noise code 
which consists of a Gold code having a length of (2 "-i) 
chips. a second mixer 100 spreads the 1200 Hz data 
signal over the 1.112 Mcps pn code. a biphase shift 
keyed (BPSK) modulator 102 modulates a 70 MHz carrier 
with the spread data. A bandpass filter 104 eliminates 
spurious signals outside a pass band centered at 70 MHz 
and produces an output signal on line 106 which is 
applied as an input to the up converter 48 of Fig 2 
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Fig. 6 is a schematic diagram illustrating the time 
domain organization of the modulator output signal in 
Fig. 5. The output signal ios is divided into 
successive frames no, each frame comprising one 
5 repetition of the (2»-i> chip pn sequence. Each frame 
HO is further subdivided into a number of part s An 
initial sequence denotes the beginning of the frame 

and may be an all-ones portion of the PN sequence A 
succession of messages 112 addressed to individual user 
10 terminals follows the LI sequence. A parity check (PC) 
follows the last message, and an ending sequence (L2) 
marks the end of the frame. Each message 112 contains 
two portions, the first portion 114 comprising an 
identification code which designates the intended user 
15 terminal. This is the same information that is used in 
the look-up table 76 of the routing module 66 to select 
an equipment chain 42, 44 for the message. The 
remaining portion 116 of the message consists of the 
ASCII text or other data that is being sent by the 
20 subscriber to the user terminal. 

Fig. 7 is a schematic diagram illustrating the 
principal transponder components of the first satellite 
28 in Fig. i, it being understood that the second 
satellite 30 is substantially identical. The satellite 
25 includes an antenna us which collects energy from the 
uplink signals at frequency f, and also focuses the 
downlink transmissions at frequency f 2 . T he uplink 
signals pass through a diplexer 120 to a bandpass filter 
122 which only passes signals in a narrow frequency band 
30 that includes the uplink frequency f,. a frequency 
converter 124 shifts the frequency f, of the uplink 
signal to the downlink frequency f 2 . a transmitter 126 
increases the total power of the downlink signal, which 
then passes through the diplexer 120 to the antenna lis 
35 and propagates back to earth. 
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omnidirectional antenna 128 to receive transmissions 
from the satellites 28 and 30 of Fig. 1. A low noise 
amplifier 130 increases the power of the received 
signal. A down converter 132 referenced to a local 
5 oscillator 134 converts the received signal from a 
microwave frequency on the order of several gigahertz to 
a lower frequency of about 70 MHz suitable for 
intermediate frequency processing. A bandpass filter 
136 blocks all energy in the received signal except 
10 frequencies centered around 70 MHz. A biphase shift 
keyed (BPSK) demodulator 138 removes the 70 MHz biphase 
modulated carrier of the received IF signal to yield a 
1.112 Mcps spread signal. The BPSK demodulator 138 also 
produces a signal for controlling the frequency of the 
15 local oscillator 134. 

In the embodiment shown, the user terminal 123 
includes separate decoding channels 14 0 and 142 for 
removing first and second PN codes,, respectively, from 
the spread signals. A divider 144 splits each spread 
signal into two identical signals, and directs the 
signals to the decoding channels 140, 142. The outputs 
of the decoding channels 140, 142 are applied as inputs 
to a message recovery circuit 146, which in turn drives 
a display 148 or produces a command signal. m 
instances where it is desired to confine a particular 
user terminal to a single pn code, only one decoding 
channel is used and the divider 144 is omitted. 

Pig. 9 shows the decoding channel 140 in detail, 
the other decoding channel 142 being substantially 
30 identical. A mixer 150 combines the data stream from 
the divider 144 with a locally generated PN code 
produced by a code generator 151 in order to despread 
the received signal. The mixer output is applied as an 
input to a demodulator 152 which recovers the data when 
the PN generator 151 is operating in synchronism with 
the incoming signal. The frequency of the PN generator 
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the data comprises control data that is intended to 
control a physical device connected to the user 
terminal, a command signal is produced and is applied as 
input to the controlled device. As an example, a 
5 command signal of this type may be used to control the 
refrigeration unit in a truck or railroad car that is 
equipped with a user terminal 32. 

If a reply capability is desired, the user terminal 
may be provided with an input device such as a keyboard 
10 or voice digitizer, together with suitable transmitting 
circuitry for transmitting reply signals to the central 
station 20 through one or both of the satellites 28, 30 . 
The transmitting circuitry may be enabled by reply 
trigger outputs from the decoding channels 140, 142 of 
15 Fig. s. These outputs occur whenever the initial bits 
of an incoming signal having the appropriate pn code are 
detected, regardless of whether the associated message 
data xs intend for that particular user terminal. This 
allows a given user terminal to send data (or a position 
request) to the central station 20 once during each 
paging cycle, even if no message data is being sent to 
the user terminal. 

It should be emphasized that the use of a common 
carrier frequency for the downlink signals, in addition 
to reducing radio spectrum usage, has the advantage of 
allowing all of the user terminals 32 to be of 
substantially identical construction since only one set 
of oscillators, filters and other frequency-selective 
components is required. This allows substantial savings 
in cost, size and weight to be realized, and also allows 
commonality of spare parts, maintenance and test 
equipment, and so on. Although two pn decoders are 
required in the user terminals in order to allow message 
transmissions to be received from both satellites, these 
decoders can be implemented in digital circuitry of 
relatively small size and low cost, in situations where 
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1. A radio communication system comprising: 

means for generating messages to be 
transmitted; 

5 means for assigning said messages to first and 

second message groups; 

means for encoding said f irst and second 
message groups with mutually distinguishable codes; 

neans for transmitting said first and second 
10 message groups; 

first and second elevated relay stations for 
receiving said first and second message groups 
respectively, and for retransmitting said message 
groups at a common downlink carrier frequency, said 
relay stations having transmitting antennas which 
provide overlapping coverage of a common geographic 
area; and 

a plurality of receiver terminals located in 
said common geographic area for receiving said 
first and second message groups at said common 
downlink carrier frequency, each of said receiver 
terminals including decoding means for decoding at 
least one of said first and second codes in order 
to allow messages to be received from at least one 
of said relay stations without interference from 
the other relay station. 

2. A radio communication system as claimed in claim i, 
wherein said encoding means comprises means for 
spread spectrum modulating said first and second 
message groups using different pseudo-noise codes. 

3. A radio communication system as claimed in claim i, 
wherein the decoding means of at least one of said 
receiver terminals is effective to decode both of 
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• The radio communication system as claiaeci ^ 
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A radio communication system as claimed in claim l, 
wherein said assigning means, said encoding means 
and said transmitting means are located at a 
transmitting station having a fixed location. 
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A radio communication system as claimed in claim 8, 
wherein said means for generating messages 
comprises a plurality of subscriber stations 
connected to said transmitting station. 

10. A radio communication system as claimed in claim 1, 
10 wherein said first and second elevated relay 

stations comprise geostationary satellites. 

A radio communication system as claimed in claim l, 
wherein at least one of said receiver terminals 
comprises a mobile terminal. 

A radio communication system as claimed in claim 1, 
wherein each of said receiver terminals includes a 
nondirectional receiving antenna. 

A method for transmitting messages from a central 
station to a plurality of receiver terminals using 
first and second elevated relay stations operating 
at the same downlink carrier frequency, comprising 
the steps of: 

assigning said messages to first and second 
message groups ; 

encoding said first and second message groups 
with mutually distinguishable codes; 

transmitting said first and second message 
groups from said central station to said first and 
second elevated relay stations, respectively; 

retransmitting said first and second message 
groups at a common downline carrier frequency from 
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said respective first and second elevated relay 
stations to a common geographic area containing 
said receiver stations; 

decoding at least one of said first and second 
codes at each of said receiver terminals in order 
to allow messages to be received by said receiver 
terminal from at least one of said relay stations 
without interference from the other relay station. 

A method as claimed in claim 13, wherein said 
encoding step comprises spread spectrum modulating 
said first and second message groups using 
different pseudo-noise codes. 

A method as claimed in claim 13, wherein the 
messages in said message groups each contain an 
identification portion designating one of said 
receiver terminals and an information portion 
containing message data intended for said 
designated receiver terminal, and further 
comprising the steps of: 

comparing the identification portions of 
received messages with an identification code 
stored in the receiver terminal; 

recovering the message data from messages 
having identification portions matching said stored 
identification code. 

A method as claimed in claim 15, further comprising 
the step of displaying said message data at the 
receiver terminal. 

A method as claimed in claim 13 , further comprising 
the steps of: 
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generating messages intended for specific ones 
of said receiver terminals at a plurality of 
subscriber terminals; 

transmitting said messages from the subscriber 
5 stations to the central station. 

18. A method as claimed in claim 13, wherein the step 
of assigning said messages to first and second 
message groups comprises carrying out a look-up 
operation to determine from stored data whether the 
decoding means of a given receiver terminal is 
capable of decoding said first code or said second 
code. 

A method as claimed in claim 13, wherein the step 
of transmitting said first and second message 
groups to said first and second elevated relay 
stations is carried out at a common uplink carrier 
frequency using directional transmitting antennas. 

20. a method for expanding the capacity of a radio 
communication system in which messages are 
transmitted from a central station to a plurality 
of receiver terminals by means of a relay 
satellite, comprising the steps of partitioning the 
messages into at least two message groups, encoding 
said message groups with mutually distinguishable 
25 codes, transmitting one message group to said 

receiver terminals through the first relay 
satellite, transmitting the other message group to 
the same receiver terminals in the same geographic 
area using an additional relay satellite operating 
30 at the same downlink carrier frequency, and 

decoding at least one of the codes at each receiver 
terminal in order to allow messages to be received 
at said terminal from at least one relay satellite 
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without interference from the other relay 
satellite, y 
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said respective first and second elevated relay 
stations to a common geographic area containing 
said receiver terminals; and 

decoding at least one of said first and second 
codes at each of said receiver terminals in order 
to allow messages to be received by said receiver 
terminal from at least one of said relay stations 
without interference from the other relay station. 

A method as claimed in claim 13, wherein said 
encoding step comprises spread spectrum modulating 
said first and second message groups using 
different pseudo-noise codes. 

A method as claimed in claim 13 , wherein the 
messages in said message groups each contain an 
identification portion designating one of said 
receiver terminals and an information portion 
containing message data intended for said 
designated receiver terminal, and further 
comprising the steps of: 

comparing the identification portions of 
received messages with an identification code 
stored in the receiver terminal; and 

recovering the message data from messages 
having identification portions matching said stored 
identification code. 

A method as claimed in claim 15, further comprising 
the step of displaying said message data at the 
receiver terminal. 

A method as claimed in claim 13 , further comprising 
the steps of: 
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